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THREE DIMIENSIONAL GOLF SWING 
ANALYZER 

PRIORITY REFERENCE 

This application claims priority from Provisional Patent 
Applications, Nos. 61/389,872 filed on Oct. 5, 2010, and 
61/532,743, filed on Sep. 9, 2011, which are expressly incor 
porated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to analyzing linear 
and angular movement using a graphical animation of Such 
movement and statistics related to such movement, and more 
particularly to analyzing a golf Swing, for example, by attach 
ing an apparatus to a golf club wherein the apparatus com 
municates with a mobile device Such as a Smartphone or a 
tablet computer and graphically shows the golf Swing along 
with relevant statistics to help a golfer analyze and improve 
his or her golf Swing. 

BACKGROUND OF THE INVENTION 

Over the past several years, the popularity of golf has 
Soared, leading to a great number of inventions that allow a 
player to get enjoyment by playing a simulated game or to 
practice by using a machine to analyze a player's golf Swing. 

Particularly relevant to game simulation are inventions in 
the prior art using gesture recognition to allow a player to 
make realistic movements that are mimicked on a video dis 
play. For example, a player playing a simulated golfgame can 
use a real or mock golf club to make the movements of an 
actual golf Swing and see the mimicked Swing on a video 
display followed by the graphical representation of a golfball 
flying off a graphical tee, hopefully towards a graphical hole. 
U.S. Pat. No. 5.453,758, issued to Sato, for “Input Apparatus' 
"outputs as operator information the position specifying 
information obtained by detecting input apparatus’s physical 
displacement, movement Velocity, or acceleration to generate 
a predetermined command signal corresponding to move 
ments of a human being for example'. Sato further discloses 
using an oscillation gyroscope to sense angular Velocity and a 
temperature sensor to correct errors in movement related data 
caused by changing temperature conditions. U.S. Pat. No. 
5,516,105, issued to Eisenbrey, et al., for Acceleration Acti 
vated Joystick” discloses a “video game user interface device 
that allows the user to play standard Video games using real 
istic arm, leg and body movements which relate to the various 
activities portrayed in the video game being played. The 
device is sensitive to acceleration and outputs a signal to the 
video game controller when an acceleration is detected.” U.S. 
Pat. No. 5,704,836, issued to Norton, et al., for “Motion 
Based Command Generation Technology' discloses a com 
mand system that "optically monitors the movement of a 
Subject and provides command signals to a computer system 
to control a graphic of a graphical user interface displayed on 
a monitor Such as an animated character in a video game.” 
Norton accomplishes this by using an “optical detector unit 
which continuously scans a Subject frame in which a subject 
is positioned” and comparisons of scans of Sub-regions in the 
frame to determine if the subject has moved. Once movement 
is detected, the graphical representation on a video screen can 
simulate the movement. U.S. Pat. No. 5,718,639, issued to 
Bouton, for “Opto-Electric Golf Club Swing Sensing System 
Having Vertically Offset Sensors' discloses a “video golf 
Swing sensing system responsive to a user Swinging a golf 
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2 
club' that “provides inputs to a video golfgame operating on 
a personal computer having a monitor, a microprocessor, and 
a serial port. Bouton uses a sensing system comprising linear 
arrays of LEDs and photodetectors “for detecting a club head 
parameter by sensing light reflected off the club head.” These 
gesture recognition apparatuses and methods in the prior art 
use Sophisticated mapping schemes to let a userparticipate in 
simulated activities using motions that would be used in the 
real activity. 

Particularly relevant to golf Swing analysis are inventions 
in the prior art that measure certain characteristics of a golf 
swing such as club speed and position. U.S. Pat. No. 5,108, 
105, issued to Shimizu, for “Golf Practice Device' discloses 
a golf practice device comprising a mat with at least two 
sensors arranged therein in the direction of a Swing orbit of a 
head of a golf club. A Swing time Substantially from a start of 
a back Swing to a point of an impact with a golf ball is 
calculated in response to signals output by the sensors, and 
the result is indicated so that a golfer can observe same and 
thus achieve a stable swing.” U.S. Pat. No. 5.257,084, issued 
to Marsh, for “Golf Swing Measurement System discloses 
“A technique for measuring golf Swing tempo or clubhead 
speed for a golfer Swinging a golf club through a tee area. Two 
parallel infrared (IR) transmitters transmit respective IR 
beams along predetermined lines toward the tee area. Respec 
tive IR sensors receive respective IR beams reflected from a 
reflector mounted to the shaft of the golf club, near the club 
head. Each IR sensors provides a respective output signal 
indicative of the passage of the golf club through a corre 
sponding IR beam. Predetermined sequences of output sig 
nals from the IR sensors are detected and the differences in 
time between various output signals are measured to provide 
tempo and clubhead speed values for display on a LCD 
screen. The speed values can be compensated values as 
obtained from look-up tables.” U.S. Pat. No. 5,692.965, 
issued to Nighan, et al., for “Golf Swing Training Device 
With Laser discloses an apparatus that uses at least one laser 
device that provides a feedback signal to the golfer that is 
indicative of a position and a motion of the head during the top 
ofa backswing of the golf club by the golfer.” The laser device 
may also be used to project a beam that provides visual 
feedback to the user, such as by showing a path on the ground 
or the motion and position of the golf club head. U.S. Pat. No. 
6,375,579, issued to Hart, for “Golf Swing Analysis System 
And Method discloses a laser based system that uses a 
monochromatic laser projector to generate a series of light 
planes in space near the impact Zone where the golf club 
impacts the golfball and a laser-based attachment for the golf 
club. This system and method attempts to analyze an entire 
golf Swing by measuring certain characteristics of a golf 
Swing as it passes through the impact Zone. U.S. Pat. No. 
7,785,211, issued to Hackenberg, for “Golf Swing Trainer 
Having Balanced Center Of Mass' discloses a “golf Swing 
trainer providing a resiliently flexible shaft having a first shaft 
end coupled to a Swing element and a second shaft end 
coupled to a grip having a tapered external Surface gripably 
received by the hands.” 
The prior art is deficient because it does not provide an 

apparatus and method of providing an attachment to a golf 
club that detects and measures the movement of the golf club 
through an entire Swing, that displays the entire Swing move 
ment of the golf club on a graphical display along with rel 
evant statistics, and that provides coaching using theoretical 
and historical data with graphical and verbal feedback. The 
gesture recognition techniques described above are deficient 
because they are merely used as input for games and simula 
tions and are not used to record and analyze all major aspects 
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of a full golf Swing and to provide feedback and coaching to 
a user so that user may improve his or her golfgame. The golf 
Swing analysis techniques described above are deficient 
because they attempt to analyze entire Swing using only a 
Small portion of the Swing and a limited number of statistics 
Such as club speed or they do not use a real golf club. Addi 
tionally, many inventions in the prior art require a fair amount 
of equipment, making them costly. 

Accordingly, it would be desirable to provide a lightweight 
attachment to a golfer's actual golf club that detects and 
measures the movement of a full golf Swing, that analyzes the 
entire golf Swing, that provides comprehensive statistics for 
every point of an entire Swing, that displays the movement of 
the entire Swing on a graphical display with the comprehen 
sive statistics, and that coaches the golfer on how to improve 
the Swing using theoretical and historical data. This can be 
accomplished by attaching an apparatus of negligible weight 
to the shaft or top of a golf club where the apparatus com 
prises a 3-axis accelerometer, a 3-axis gyroscope, computer 
memory, a microprocessor, a transmitter, and a battery Such 
that is communicates with a computer application running on 
a mobile device Such as a Smartphone, tablet computer, or a 
laptop computer. To compensate for differences in the angles 
that individual golfers address the ball, a 3-axis magnetom 
eter can be used to select the target line on which a golfer 
wishes to aim. The inventions discussed in connection with 
the described embodiment address these and other deficien 
cies of the prior art. 
The features and advantages of the present inventions will 

be explained in or apparent from the following description of 
the preferred embodiment considered together with the 
accompanying drawings. 

SUMMARY OF THE INVENTION 

The present inventions address the deficiencies of the prior 
art of golf Swing analysis and coaching. Particularly, a small 
attachment of negligible weight that is securable to the shaft 
of a golf club, or mountable inside a hollow golf club, is used 
to communicate to an application running on a mobile device 
Such as a Smartphone, a tablet computer, or a laptop com 
puter. The attachment uses a transmitter to send processed 
linear and angular movement data that defines a golf Swing to 
a receiver on the mobile device. A computer application run 
ning on the mobile device receives the processed data, pro 
cesses the data further and displays a graphical representation 
of the entire swing with comprehensive statistics for every 
point of the Swing. The processed data is stored and later used 
along with theoretical data to coach a golfer on his or her 
Swing. Thus, unlike the prior art, a golfer can fully analyze a 
golf club Swing at every point of the Swing and make proper 
adjustments at any point in the Swing to improve the Swing. 
More particularly, the present inventions include a three 

axis accelerometer capable of producing and transmitting 
linear acceleration data, a three-axis gyroscope capable of 
producing and transmitting angular Velocity data, a first 
microprocessor that receives data from the accelerometer and 
the gyroscope and processes the data, a first computer 
memory wherein the microprocessor stores the processed 
data, and a radio transmitter for transmitting the processed 
data from the first computer memory. The inventions are 
powered by a battery or other suitable power source. A hous 
ing is used to hold the accelerometer, the gyroscope, the 
microprocessor, the computer memory, the radio transmitter, 
and the battery. MEMS technology may be used for the accel 
erometer and the gyroscope. Other Suitable motion detectors 
may be used that provide the same functionalities as the 
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4 
accelerometer and the gyroscope. Flash memory may be used 
as the computer memory. To compensate for differences in 
the angles that individual golfers address the ball, a 3-axis 
magnetometer may be used to select the target line on which 
a golfer wishes to aim. Thus, a golfer may account for that 
golfer's natural slice or hook. 
The inventions further have a portable device, such as a 

Smart phone, a tablet computer, or a laptop computer, that 
includes a radio receiver, a second computer memory for 
storing data received by the radio receiver, a third computer 
memory for storing a computer program that processes the 
data in the second computer memory, a second microproces 
sor for controlling the computer program and for processing 
the data received by the radio receiver into graphical data and 
statistical data, a fourth computer memory for receiving 
graphical data and statistical data from the second micropro 
cessor, and a graphics display. 
The housing, which is of negligible weight so that it does 

not affect a golf Swing, attaches to a the shaft of the golf club 
below the grip or at the top of the grip, and, when a user 
Swings the golf club, the accelerometer communicates linear 
acceleration data defining the linear movements of the golf 
club to the first microprocessor and the gyroscope communi 
cates angular velocity data defining the angular movements of 
the golf club to the first microprocessor. The first micropro 
cessor processes the linear acceleration data and the angular 
Velocity data, stores the processed data in the first computer 
memory, and uses the radio transmitter to transmit the pro 
cessed data to the radio receiver on the portable device. The 
radio receiver stores the processed data in the second com 
puter memory. The computer program Stored in the third 
computer memory is controlled by the second microproces 
Sor to store graphical data and statistical data in the fourth 
computer memory and to display the graphical data and the 
statistical data on the graphics display as an image of the 
movement of the golf club along with related Statistics. Using 
the display and the statistics, the user will be able to analyze 
and try to improve his or her golf swing. The housing may also 
be the hollow shaft of a golf club. 

In described embodiments of the present inventions, the 
graphics display shows an interactive three-dimensional ani 
mation of the Swing wherein the animation can be played as 
slowly or as quickly as a user desires, the animation can be 
played from any angle, and the animation can be played at any 
magnification. Additionally, the graphics display can show 
the position, orientation, and speed of the golf club at any 
point throughout the Swing. Also, the graphics display shows 
metrics that allow one to analyze a golf Swing Such as club 
head speed at any point in the Swing, club and ball path, 
tempo, top of backSwing, angle of attack, relevant planes, and 
relevant angles. Embodiments of the inventions provide fur 
ther analysis wherein the computer program compares the 
position of the club when the user aims with the position of 
the club on impact and calculates the difference in loft, lie and 
club face angles between the two positions to allow the user to 
compare what the user meant to do with what actually hap 
pened. Embodiments of the inventions also provide verbal 
instructions and analysis of the golf club Swing. 
The present inventions may also include a user input device 

for inputting a user's biometric data and a fifth computer 
memory for storing user biometric data wherein the second 
microprocessor controls the computer program to factor the 
user biometric data into the processed data. 
The described inventions may also be used with a website 

wherein the second microprocessor controls the computer 
program in the third computer memory to upload the graphi 
cal data and the statistical data from the fourth computer 
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memory to the website for personal review and for sharing 
with other users. Consequently, the website provides coach 
ing based on the processed data. The website also allows a 
user to compare multiple Swings at once using that user's 
history of uploaded Swings, allows a user to enter biometric 
data and to view baseline Swings for that user's body type, and 
allows a user to see professional and theoretical Swings, 
which allows a user to see trends over time and get objective 
progress data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The inventions will now be more particularly described by 
way of example with reference to the accompanying draw 
ings. Novel features believed characteristic of the inventions 
are set forth in the claims. The inventions themselves, as well 
as the preferred mode of use, further objectives, and advan 
tages thereof, are best understood by reference to the follow 
ing detailed description of the embodiment in conjunction 
with the accompanying drawings, in which: 

FIG. 1A shows a schematic of an accelerometer. 
FIG. 1B shows a schematic of a gyroscope. 
FIG. 1C shows a schematic of flash memory. 
FIG. 1D shows a schematic of a battery charger. 
FIG. 1E shows a schematic of a microcontroller, co-pro 

cessor, radio transmitter, and power control. 
FIG.1F shows a schematic of a magnetometer. 
FIG. 2A shows a front perspective view of the housing 

attached to a golf club. 
FIG. 2B shows a side perspective view of the housing 

attached to a golf club. 
FIG. 2C shows an overhead, angled view of the housing 

and the strap fastener used. 
FIG. 3A shows a hinge and clasp clamp design for attach 

ing the housing to a golf club. 
FIG.3B shows the hinge and clasp clamp housing attached 

to a golf club. 
FIG. 4 shows a cap design for attaching the housing to a 

golf club. 
FIG. 5A shows an integrated housing for attaching around 

a golf club shaft. 
FIG. 5B shows how the a hollow club shaft may be used as 

the housing for holding individual components. 
FIG. 6 shows the club selection screen for the application 

running on a mobile device. 
FIG. 7A shows a swing display screen for the application 

running on a mobile device with the outline of a full Swing and 
Summary data. 

FIG. 7B shows a swing display screen 78 for the applica 
tion running on a mobile device with statistics at 4 the way 
point through a Swing. 

FIG. 7C shows a swing display screen for the application 
running on a mobile device with statistics at the top of a back 
Swing. 

FIG. 7D shows a swing display screen for the application 
running on a mobile device with statistics at half-way point of 
a Swing. 

FIG. 8 shows a swing selection screen 128 with a table of 
Swing descriptions for a period of time. 

FIG. 9 shows the coordinate system used to describe the 
algorithm for the principles of operation. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The described embodiment is a three-dimensional golf 
Swing analyzer for use with an application on a Smartphone, 
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6 
a tablet computer, a laptop computer, or other similar mobile 
device. The device works as an Inertial Measurement Unit 
(IMU) attached to the shaft of a golf club to record and 
transmit the accelerations undergone by the club. It captures 
and analyzes golf swing data using a compact and lightweight 
sensor that attaches to any golf club either below the grip or on 
the cap or is integrated into the shaft. After hitting a shot or 
Swinging the club, players and instructors can view an inter 
active, three-dimensional animation of the Swing, along with 
key metrics, such as club head speed, path, plane, and various 
angles at impact. The user is able to see the key metrics for any 
point in the Swing. The user can also play back the Swing at 
any speed, from any angle, and at any magnification. Since 
the described embodiment is not based on video capture, but 
rather recording the actual position and orientation of the golf 
club at /1000" of a second intervals, there are virtually no 
limits on the granularity of the playback. By comparing the 
position of the club when aiming with the position of the club 
at impact, the application calculates the difference in loft, lie 
and club face angles between the two positions, allowing the 
user to compare what S/he meant to do to what actually 
happened. Additionally, the application computes club head 
speed at impact (and at all points in between), tempo, top of 
backSwing, angle of attack, club head path, and other vital 
characteristics. The application further provides verbal 
instruction and Suggestions to fix common defects in a Swing, 
Such as taking the club too far back and an over-the-top Swing. 
The data captured may also be automatically uploaded to a 

website where users can access and review their historical 
information or share it with an instructor. The website pro 
vides additional analytics by offering advanced comparison 
features, allowing the user to compare multiple Swings at 
once, including his/her own history, and baseline Swings for 
his/her body type, as well as professional and theoretical 
Swings. This allows the user to see trends over time, and get 
objective data about their progress as a golfer. This also builds 
the foundation for an objective instructor ranking system. The 
website also provides users a way to send their Swing data to 
a third party for review. This can be used for a golfer who 
travels to a different part of the country for the season but who 
still wants to receive instruction from their teacher back 
home. 
The following definitions will be used herein: 
/4 way—the point in the backSwing when the club is par 

allel to the ground for the first time 
Half-way—the point in the backSwing when the projection 

of the club onto the earth’s y-Z plane is perpendicular to 
the horizon for the first time 

3/4 way—the point in the downswing when the club is 
parallel to the ground for the first time 

tobS (Top-of-backSwing) The point in the Swing where 
the club reverses direction. 

Speedpoint The point in the swing where the club attains 
maximum speed 

Plane angle The angle computed at any time by taking 
the club's Y vector in terms of the earth's coordinate 
system, at the current point in the Swing, and the one 
immediately past it. The cross product of the two vectors 
is taken, which produces a vector orthogonal to both of 
them, and the normal vector of the plane defined by the 
two initial vectors. The plane angle is then the angle 
between the earth's X-Z plane and the newly computed 
plane. 

Club face to plane angle The club's plane is computed at 
address. The club face to plane angle is the angle 
between the x-vector of the club and this initial plane. 
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Club face to horizon angle This club face to horizon 
angle is the angle between the x-vector of the club and 
the X-Z plane. 

The following definitions are some parameters that may be 
derived from the output of the apparatus: 

Swing tempo/Club head speed at all points throughout the 
Swing 

Point of release—the point of the swing when the wrist 
angle is released during the downswing 

Swing plane—determine the Swing plane based on 
address, and show deviation from it 

Club face/loft/lie angles—the difference in angles between 
address and impact. 

Angle of attack—the angle of attack in the milliseconds 
preceding the impact 

Launch direction & Speed—the initial speed and direction 
of travel for the ball based on the impact data and the 
club used 

Torque the amount of torque generated by the Swing at all 
points throughout the Swing 

Ball spin 
Ball flight path 
Ball flight distance 
The following data are observed from usage and may be 

used in analysis: 
Location of use (via GPS in the user's phone) 
Frequency of use 
The following parameters are user defined and entered 

using the application on the mobile device: 
Club used 
Club deflection. Using the club information provided by 

the user and the observed torque, the application can 
calculate how much the club shaft will deflect. 

User demographics Such as age, sex, body type, handicap, 
frequency of play, etc. 

FIG. 1A shows a schematic of an accelerometer 10. In the 
described embodiment, the BoschTM BMA180 three-axis 
MEMS accelerometer 10 is used, although other accelerom 
eters may be used. In the schematic shown in FIG. 1A, the 
data coming from the accelerometer 10 is controlled by a 
linear acceleration interrupt output 12, labeled INT1, which 
causes the linear acceleration related data to be output on the 
serial data in/out line 14 to a microcontroller (described 
below). The accelerometer 10 is synchronized with the 
microcontroller using a serial clock 16. 

FIG. 1B shows a schematic of a gyroscope 18. In the 
described embodiment, the InvensenseTM ITG3200 three 
axis MEMS gyroscope 18 is used, although other gyroscopes 
may be used. In the schematic shown in FIG. 1B, the data 
coming from the gyroscope 18 is controlled by an angular 
velocity interrupt output 20, labeled INT2, which causes the 
angular velocity related data to be output on the serial data 
in/out line 14 to a microcontroller (described below). The 
accelerometer 10 is synchronized with the microcontroller 
using a serial clock 16. Note that the accelerometer 10 and the 
gyroscope 18 operate with a shared serial data bus and are 
multiplexed using the two interrupts. 
FIG.1C shows a schematic of flash memory 22 that is used 

to store the data processed by the microcontroller. In the 
described embodiment, the AtmelTM AT45 DB161D is used, 
although other memory may be used. In the schematic shown 
in FIG. 1C, processed data from the microcontroller comes in 
on the flash data input line 24 and, later, the data is output on 
the flash data output line 26 for transmission using a trans 
mitter. 

FIG. 1D shows a schematic of the battery charger 28 that 
connects to a USB port 30 of the mobile device, which may be 
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8 
a Smartphone, a tablet computer, a laptop computer, or any 
other similar device. The USB port 30 is used only to provide 
charging power to the device. FIG. 1D shows that the 
described embodiment uses a Microchip MCP73831 charge 
management controller 34, but other charge management 
controllers may be used. The power circuitry of the device 
provides charge on the battery charger line 32 to a battery 36 
as shown in FIG. 1E. 

FIG. 1E shows a schematic of a microcontroller 38, co 
processor 40, radio transmitter 42, and power control 44. This 
figure shows the layout of the various components utilized 
and reveals how the serial data in/out line 14 and the serial 
clock 16 come into the microcontroller 38 on the shared bus. 
In the described embodiment, the microcontroller 38 is an 
Atmel ATmega328, although other microcontrollers may be 
used. This figure also reveals how the linear acceleration 
interrupt output 12 and the angular Velocity interrupt output 
20 are connected to the microcontroller 38. Further shown in 
FIG. 1E is how a co-processor 40 is used to assist the trans 
mission of processed data using a radio transmitter 42. In the 
described embodiment, the co-processor 40 is an AppleTM 
MFI341S2164, although other co-processors may be used. 
Under the control of the microcontroller 38, the co-processor 
40 communicates to a radio transmitter 42 to transmit data to 
a mobile device. In the described embodiment, the radio 
transmitter 42 is a Bluetooth RN41, although other radio 
transmitters may be used. Although the function of the radio 
transmitter 42 is to transmit processed golf Swing data, the 
radio transmitter 42 should be a device that may also be used 
as a receiver to allow remote updating of the firmware within 
the device. Lastly, FIG.1E shows the USB connector 46 used 
to connect to a power source for charging the battery 36. 

FIG. 1F shows a schematic of a magnetometer 48. In the 
described embodiment, the HoneywellTMHMC5883L digital 
three-axis magnetometer 48 is used, although other magne 
tometers may be used. FIG. 1F shows the serial data in/out 
line 14 and the serial clock 16 that are part of the shared serial 
bus. The magnetometer is used to let a user set a target line for 
the golf Swing. This is important because each golfer displays 
variation in how that golfer addresses the ball and because 
each golfer has a different degree of natural slice or hook, 
including no slice or hook at all. Thus, if a golfer can choose 
a target line, then the actual shot can be compared to the target 
line for analysis and criticism. Without the target line, there is 
no accounting for the natural variations in how golfers 
address the ball. To activate this function with the magnetom 
eter 48, a golfer starts by horizontally pointing the club, with 
the head down, along the desired target line, and then rotates 
the head of the club 180 degrees so that the club head points 
upward. Then, the target line will be established as the line in 
the direction that golf club shaft is pointing. 

FIG. 2A shows a front perspective view of the housing 50 
attached to a golf club 56. This figure shows one variation on 
how the housing 50 may be attached to the golf club 56 using 
a strap 53 around the shaft of the golf club 56. FIG. 2B shows 
a side perspective view of the housing 50 attached to a golf 
club 56. Notable on this figure is the on/off switch 52, which 
is in close proximity to a golfers hand and easily toggled. 
FIG. 2C shows an overhead, angled view of the housing 50 
and the strap fastener 54 used. 

FIG. 3A shows a hinge 58 and clasp clamp design for 
attaching the housing 50 to a golf club 56. The housing 50 is 
such that its body rotates around the hinge 58 to wrap around 
a golf club 56. FIG.3B shows the hinge 58 and clasp clamp 60 
housing 50 attached to a golf club 56. This design is made to 
attach to the golf club 56 below the grip so that it does not 
interfere with the golfer's swing. FIG. 4 shows a cap design 
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for attaching the housing 50 to a golf club 56. In this configu 
ration, the device may be placed inside a cap fitting housing 
50 at the top of the club grip. As in the housing 50 that attaches 
below the grip, the device is placed to not impede the golfer's 
Swing. FIG. 5A shows an integrated housing 62 for attaching 
around a golf club 56 shaft. In this configuration, the indi 
vidual components of the device may be placed within a 
specially made grip around the club 56 shaft. FIG. 5B shows 
how the a hollow club 56 shaft may be used as the housing 50 
for holding individual components 64. 

FIG. 6 shows the club selection screen 65 for the applica 
tion running on a mobile device. On the screen, the club brand 
66 is shown and may be a standard club or a custom club. The 
club type 68 is labeled as a driver, a wedge, or an iron. The 
club size 70 will be “DRIVER'' for a driver, “2 for a pitching 
wedge, and '3' and above for irons. A user's chosen club 72 
appears on the left side of the screen. In the instance shown in 
FIG. 6, the user has chosen a standard driver. The club infor 
mation 74, or characteristics of a standard driver, is shown 
towards the bottom left corner of the screen. The club infor 
mation 74 is adjusted based on a user's biometrics, such as 
height and distance from wrist to ground. In this instance, the 
club is forty-four inches, with an eleven degree loft and a fifty 
degree lie. To use a customized club, the user may select the 
customization button 76. Then, the user may adjust charac 
teristics of the club. Such as length, loft, and lie. 

FIG. 7A shows a swing display screen 78 for the applica 
tion running on a mobile device with the outline of a full 
Swing and Summary data. In general, the interface shown may 
be controlled with touch screen technology, using a mouse, or 
using some other input method. The view selector 80 is used 
to select one of three views, down-the-line, face on, and 
overhead. The current view of these three is shown by the 
current view indicator 82. When the locked view indicator 84 
is selected, the user may change the view as if rotating a 
camera. To turn Swing recording on and off the user may 
select the recording on/offbutton 86. This controls whether or 
not the application will accept signals from the device 
attached to the golf club. If recording is on, then the user may 
swing a golf club with the device attached to the golf club and 
select the animation playback button 88 to see an outline of 
the club trajectory 104 of the swing. Along the bottom of the 
Swing display screen 78, is the club-in-Swing position bar 
100, which displays the location of the club at all times, 
including when it crosses important points, such as the 4 way 
marker 90, the half-way marker 92, the TOBS marker 94, the 
34 way marker 96, and the impact marker 98. For the screen 
shown in FIG. 7A, the impact marker 98 is lit to show that the 
club trajectory 104 at impact and related statistics are shown. 
After impact a club-at-impact snapshot 102 is shown that 
shows the club speed, the club loft, the lie angle, and how 
much the club face is open or closed. The club trajectory 104 
is shown in the center of the screen and is color-coded by 
trajectory speed. The club trajectory 104 is shown in conjunc 
tion with the club initial orientation 106, the club head orien 
tation 108 at impact, and the club at impact information 110. 
Such as club speed and club plane, so that a user may analyze 
the quality of the swing. The Swing display screen 78 in FIG. 
7A further shows that the swing display screen was selected 
with the Swing detail button 112. For impact detail in the form 
of graphics and statistics, the user may select the impact detail 
button 114, and to see further details, the user may select the 
parameter detail button 116 and see further statistics, such as 
the speedpoint, plane angle, club face to plane angle, club face 
to horizon angle, among other parameters defined above. 

In order to Zoom and shrink so that the user may see the 
club trajectory 104 and other statistics at any magnification, 
the user may "pinch' or “pan the screen if it is a touchscreen. 
The user may also increase or decrease the playback speed by 
moving his or her hand along the club-in-Swing position bar 
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10 
100 on the touch screen at whatever speed the user desires. 
The club-in-swing position bar 100, or progress bar, also 
functions as a scroll bar. A user may place a finger at any point 
along the bar to position the club at that point in the playback. 
Dragging a finger along the bar continuously repositions the 
club to the new playback position, allowing one to animate 
the club over a specific range at a specific speed. 

FIG. 7B shows a swing display screen 78 for the applica 
tion running on a mobile device with statistics at 4 the way 
point through a Swing. The club-in-Swing position bar 100 is 
lit up to the 4 way marker 90. The ball launch direction 118 
is shown for comparison along with the angle of the club face 
to the horizon 120 and other club at point information 122, 
Such as club speed and club plane at a particular point. FIG. 
7C shows a Swing display screen 78 for the application run 
ning on a mobile device with statistics at the top of a back 
swing. The club-in-swing position bar 100 is lit up to the tobs 
marker 94. Along with other statistics previously described, 
the angle of club face to initial plane 124 is shown for com 
parison with the club initial orientation 106 and the ball 
launch direction 118. The user may analyze this data and 
make proper adjustments to improve his or her Swing. FIG. 
7D shows a swing display screen 78 for the application run 
ning on a mobile device with statistics at half-way point of a 
swing. The club-in-swing position bar 100 is lit up to the 
half-way marker 92. As with earlier described screens, rel 
evant statistics are shown for comparison and analysis. A user 
may use a finger or other input device to draw a free-handline 
126 across areas of the swing display screen 78 to mark 
characteristics of a desired Swing and later compare the free 
handline 126 with the actual swing. 

FIG. 8 shows a swing selection screen 128 with a table of 
Swing descriptions for a period of time. The Swing selection 
screen 128 allows a user to view daily swing information 130 
by selecting a particular date. The information shown are 
Swing descriptions based on launch angles. Other combina 
tions of data may be displayed. 

FIG. 9 shows the coordinate system used to describe the 
algorithm for the following principles of operation. Using the 
earth as a reference point, the x-axis 132 and the Z-axis 136 
define the plane along the “ground. The y-axis 134 is straight 
out of or perpendicular to the “ground'. The face-on view is 
the y-Z plane. The down-the-line view is the x-y plane, and the 
overhead view is the X-Z plane. 
The following paragraphs describe the algorithm for the 

principles of operation. 
A fixed right-orthogonal coordinate system OX, Y, Z is 

selected, located at the starting position of the object. OY is 
directed at the zenith. Axes OX and OZ are horizontal, with 
OX having an arbitrary position within the horizontal plane. 
A right coordinate system is associated with the object, the 
axes of which coincide with the fixed coordinate system in the 
initial position. The angular position of the object in the fixed 
coordinate system is determined by Euler angles C, B and Y, 
with transitions defined from the fixed coordinate system 
aXCS. 

The relationship between the angular velocities of the 
objects orientation and angular velocities of the objects 
rotation in the associated axes is defined by 

f3 = (oysiny + co-cosy; 
1 

d = cosp3 (coycosy - co-siny); 

y = (0, -igf3(coycosy – Co. siny). 

Integration of these non-linear equations theoretically 
allows one to obtain the angles of orientation. However, this 
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is impractical in light of the following calculations, and at the 
angle f=90° (cos B-0). In light of this, inertial navigation uses 
different methods to describe the orientation of the object. 
Description is most frequently accomplished using direction 
cosines. 

With the unit vectors placed along axes of the fixed and 
associated coordinate systems with the same identifiers, the 
transition from the fixed coordinate system to the associated 

t 
O 1S defined by the transformation X.y.z-PX.y.z. 
where P is a matrix of direction cosines 

P P2 P3 
P = P1 P2 P3 

P. P32 P3 

The elements of this matrix will then have the following 
Structure: 

P = cosocosf3; 
P2 = sing: 
P13 = -sinacosf8; P23 = cosasiny + cosysina sinf3, 

P2 = sinosiny-cosasinf3cosy; 

P31 = cosysina + Sinf3sinycosa; 

P32 = -sinycosp; 
P33 = cosocosy - sina sinf3siny. 

To obtain the current values of the matrix elements, we 
integrate Poisson’s equation P=(DP, where co, the rota 
tional matrix, is 

co 

where (), (), () are angular velocities of the rotation of the 
object in the associated axes. The matrix elements found 
through integration are used to compute the current values of 
the angles of orientation using 

To obtain these formulae, one must use the structure of the 
matrix of direction cosines. The initial conditions for integrat 
ing Poisson's equation are determined during the initializa 
tion phase (initial calibration) of the inertial module. 

The determination of parameters of the trajectory (linear 
Velocities and coordinates) is done by integrating compo 
nents of the relative acceleration vector in the fixed coordinate 
system: 
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The calculation of the components of the vector of relative 
acceleration is done according to W-P7W-g, where W is 
the vector of apparent acceleration, the components of which 
are measured by the accelerometers of the inertial module, 
and g is acceleration due to gravity at the point of the current 
location of the module on the earth's surface, with compo 
nents g, 0; g g g =0; 
Computing the acceleration due to gravity is done through 

where p is the geographic (geodesic) latitude of the location 
of the object: 

(B=0.0053172; B=0.0000071; g=9,78049 m/s 
The initialization procedure is done with the module 

immobilized in the initial position. The goal of the procedure 
is an estimate of the Ovalues and trends of the gyroscopes, and 
also the elements of the matrix of direction cosines determin 
ing the initial orientation of the object. The first problem, the 
error values of the gyroscopes, is presented as Act) Act)+xt+n 
(t), where Act) is the shift of the 0-value, X is the speed of the 
trend, and n(t) is the noise of the sensor. The estimate of 
parameters Acowo and X is done through a method of least 
squares applied to a recorded set of measurements of gyro 
Scope values during the period of initialization. Three ele 
ments of the matrix of direction cosines of the initial 
orientation of the object are determined by solving the alge 
braic equation W=PW, where W. Og 0 is the vector of 
the apparent acceleration of the object in the immobilized 
system of coordinates during initialization. From this, 

where W.(0), W(0), W(0) are the average values of the 
apparent accelerations of the object during the period of ini 
tialization. The formulae for determining the remaining ele 
ments of direction cosines are found from equations deter 
mining its structure given that C-0. 
Some additional considerations are that the system relies 

heavily on noise filtering algorithms to improve the device's 
accuracy over time. Additional correction is performed by 
assuming that the starting point of the club face is at the 
location of the ball, and that the club passes through that point 
again on the down-Swing. The precise time that the club is 
passing through this location is determined by locating a 
shock value in the accelerometer data. The trajectory of the 
club is then corrected based on this information, reducing the 
error by more than 50%. 

While the present inventions have been illustrated by a 
description of various embodiments and while these embodi 
ments have been set forth in considerable detail, it is intended 
that the scope of the inventions be defined by the appended 
claims. It will be appreciated by those skilled in the art that 
modifications to the foregoing preferred embodiments may 
be made in various aspects. It is deemed that the spirit and 
Scope of the inventions encompass such variations to be pre 
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ferred embodiments as would be apparent to one of ordinary 
skill in the art and familiar with the teachings of the present 
application. 

What is claimed is: 
1. An apparatus for analyzing a golf Swing comprising: 
a housing for attachment of the apparatus on a golf club: 
a power source in the housing: 
a three-axis accelerometer in the housing for generating 

linear acceleration data from the apparatus; 
a three-axis gyroscope in the housing for generating angu 

lar Velocity data from the apparatus; 
a first microprocessor in the housing and in communication 

with the accelerometer and the gyroscope for receiving 
the linear acceleration data and the angular Velocity 
data; 

a first computer memory in the housing and in communi 
cation with the first microprocessor, 

a radio transmitter, in the housing and in communication 
with the first microprocessor, that transmits the linear 
acceleration data and the angular Velocity data from the 
first computer memory; 

a portable device comprising: 
a radio receiver, in the portable device and in communi 

cation with the radio transmitter, that receives the 
linear acceleration data and the angular Velocity data 
from the radio transmitter; 

a second computer memory, in the portable device and in 
communication with the radio receiver, that stores the 
linear acceleration data and the angular Velocity data; 

a third computer memory in the portable device for 
storing a computer program that processes the data in 
the second computer memory; 

a second microprocessor, in the portable device and in 
communication with the second computer memory 
and the third computer memory, that inputs angular 
Velocity data from the second computer memory, that 
outputs data representing coordinates estimating the 
position of the gyroscope corresponding with a 0-er 
ror in angular Velocity data, that outputs values defin 
ing an error trend of the angular Velocity data from the 
gyroscope, and that uses the angular velocity data 
from the second computer memory to output data 
representing the initial orientation of the gyroscope; 

said second microprocessor further in communication 
with said second memory, where said second micro 
processor inputs linear acceleration data from the sec 
ond computer memory, outputs data representing 
coordinates where the accelerometer produced data 
that indicates a shock, and controls the computer pro 
gram to process the linear acceleration data received 
by the radio receiver into graphical data and statistical 
data and that transmits the graphical data and statisti 
cal data; 

a fourth computer memory in communication with the 
second microprocessor that receives and stores the 
graphical data and statistical data; and 

a graphics display that displays the graphical data and 
statistical data in the fourth memory as an image of the 
movement of the golf club along with related statis 
tics. 

2. The apparatus recited in claim 1 further comprising a 
three-axis magnetometer capable of transmitting directional 
orientation data to the first microprocessor. 

3. The apparatus recited in claim 1 wherein the portable 
device is one of a Smart phone, a tablet computer, and a 
portable computer. 
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4. The apparatus recited in claim 1 wherein the housing 

attaches to the shaft of a golf club below the grip. 
5. The apparatus recited in claim 1 wherein the housing 

attaches to the shaft of a golf club at the top of the grip. 
6. The apparatus recited in claim 1 wherein a hollow golf 

club shaft is used as the housing. 
7. The apparatus recited in claim 1 wherein the graphics 

display shows an interactive three-dimensional animation of 
the Swing. 

8. The apparatus recited in claim 7 wherein the animation 
can be played as slowly or as quickly as a user desires. 

9. The apparatus recited in claim 7 wherein the animation 
can be played from any angle and at any magnification. 

10. The apparatus recited in claim 7 wherein the graphics 
display can show the position, orientation, and speed of the 
golf club at any point throughout the Swing. 

11. The apparatus recited in claim 1 wherein the computer 
program causes the graphics display to show metrics that 
allow one to analyze a golf Swing including at least one of 
club head speed at any point in the Swing, club and ball path, 
tempo, top of backSwing, angle of attack, relevant planes, and 
relevant angles. 

12. The apparatus recited in claim 1 further comprising a 
website wherein the second microprocessor controls the com 
puter program in the third computer memory to upload the 
graphical data and the statistical data from the fourth com 
puter memory to the website for personal review and for 
sharing with other users. 

13. The apparatus recited in claim 12 wherein the website 
provides coaching based on the linear acceleration data and 
the angular velocity data. 

14. The apparatus recited in claim 12 wherein the website 
allows a user to compare multiple Swings at once using that 
user's history of uploaded Swings, allows a user to enter 
biometric data and to view baseline swings for that user's 
body type, and allows a user to see professional and theoreti 
cal Swings, which allows a user to see trends over time and get 
objective progress data. 

15. The apparatus recited in claim 1 wherein the computer 
program compares the position of the club when the user aims 
with the position of the club on impact and calculates the 
difference in loft, lie and club face angles between the two 
positions to allow the user to compare what the user meant to 
do with what actually happened. 

16. The apparatus recited in claim 1 further comprising 
Verbal instructions and analysis of the golf club Swing. 

17. The apparatus recited in claim 1 further comprising: 
a user input device for inputting a user's biometric data; 

and 
a fifth computer memory for storing user biometric data; 
wherein the second microprocessor controls the computer 

program to factor the user biometric data into the linear 
acceleration data and the angular velocity data. 

18. The apparatus recited in claim 1 wherein the housing is 
of a weight light enough to not affect a user's Swing. 

19. An apparatus for analyzing a golf Swing comprising: 
a golf club: 
a housing attachable to the golf club: 
a power source in the housing: 
a motion detector coupled to the golf club comprising: 

a three-axis MEMS accelerometer in the housing for 
generating linear acceleration data from the appara 
tus; 

a three-axis MEMS gyroscope in the housing for gener 
ating angular Velocity data from the apparatus; 

a three-axis magnetometer in the housing for generating 
directional orientation data from the apparatus; 
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a first microprocessor in the housing and in communi 
cation with the accelerometer, the gyroscope and the 
magnetometer for receiving the linear acceleration 
data, the angular velocity data and the directional 
orientation data; 

a first computer memory in the housing and in commu 
nication with the first microprocessor; and 

a radio transmitter in the housing and in communication 
with the first microprocessor that transmits the linear 
acceleration data, the angular velocity data and the 
directional orientation data from the first computer 
memory; 

a portable device comprising: 
a radio receiver in the portable device and in communi 

cation with the radio transmitter, that receives the 
linear acceleration data, the angular velocity data and 
the directional orientation data from the radio trans 
mitter; 

a second computer memory in the portable device and in 
communication with the radio receiver that stores the 
linear acceleration data, the angular velocity data and 
the directional orientation data; 

a third computer memory in the portable device for 
storing a computer program that processes the data in 
the second computer memory; 

a second microprocessor in the portable device and in 
communication with the second computer memory 
and the third computer memory that inputs angular 
Velocity data from the second computer memory, that 
outputs data representing coordinates estimating the 
position of the gyroscope corresponding with a 0-er 
ror in angular velocity data, that outputs values defin 
ing an error trend of the angular velocity data from the 
gyroscope, and that uses the angular velocity data 
from the second computer memory to output data 
representing the initial orientation of the gyroscope: 

said second microprocessor further in communication 
with said second memory, where said second micro 
processor inputs linear acceleration data from the sec 
ond computer memory, outputs data representing 
coordinates where the accelerometer produced data 
that indicates a shock, and controls the computer pro 
gram to process the linear acceleration data received 
by the radio receiver into graphical data and statistical 
data and that transmits the graphical data and statisti 
cal data; 

said second microprocessor further in communication 
with said second memory, where said second micro 
processor inputs directional orientation data from the 
second computer memory and uses the directional 
orientation data to output data to select the target line 
on which a golfer wishes to aim: 

a fourth computer memory for receiving graphical data 
and statistical data from the second microprocessor; 
and 

a graphics display that displays the graphical data and 
statistical data in the fourth memory as an image of the 
movement of the golf club along with related statis 
tics. 

20. A method for analyzing a golf swing comprising: 
providing a golf club: 
attaching a housing to the golf club: 
inserting a power source in the housing: 
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providing a motion detector coupled to the golf club com 

prising: 
generating linear acceleration data from the apparatus 

using a three-axis MEMS accelerometer in the hous 
ing: 

generating angular velocity data from the apparatus 
using a three-axis MEMS gyroscope in the housing: 

generating directional orientation data from the appara 
tus using a three-axis magnetometer in the housing: 

providing a first microprocessor in the housing and in 
communication with the accelerometer, the gyro 
scope and the magnetometer and receiving the linear 
acceleration data, the angular velocity data and the 
directional orientation data: 

providing a first computer memory in the housing and in 
communication with the first microprocessor; and 

transmitting the linear acceleration data, the angular 
Velocity data and the directional orientation data from 
the first computer memory using a radio transmitter in 
the housing; and 

providing a portable device comprising: 
receiving the linear acceleration data, the angular veloc 

ity data and the directional orientation data from the 
radio transmitter using a radio receiver in the portable 
device; 

storing the linear acceleration data, the angular velocity 
data and the directional orientation data in a second 
computer memory in the portable device: 

storing a computer program in a third computer memory 
in the portable device that processes the data in the 
second computer memory; 

providing a second microprocessor in the portable 
device and in communication with the second com 
puter memory and the third computer memory that 
inputs angular velocity data from the second com 
puter memory, that outputs data representing coordi 
nates estimating the position of the gyroscope corre 
sponding with a O-error in angular velocity data, that 
outputs values defining an error trend of the angular 
Velocity data from the gyroscope, and that uses the 
angular velocity data from the second computer 
memory to output data representing the initial orien 
tation of the gyroscope; 

further providing said second microprocessor in com 
munication with said second memory, where said sec 
ond microprocessor inputs linear acceleration data 
from the second computer memory, outputs data rep 
resenting coordinates where the accelerometer pro 
duced data that indicates a shock, and controls the 
computer program to process the linear acceleration 
data received by the radio receiver into graphical data 
and statistical data and that transmits the graphical 
data and statistical data; 

further providing said second microprocessor in com 
munication with said second memory, where said sec 
ond microprocessor inputs directional orientation 
data from the second computer memory and uses the 
directional orientation data to output data to select the 
target line on which a golfer wishes to aim; 

receiving graphical data and statistical data from the 
second microprocessor into a fourth computer 
memory; and 

displaying an image of a golf club swing and statistical 
data on a graphics display. 


